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INTRODUCTION 

European foulbrood is an infectious disease of the brood of bees 
caused by Bacllus pluton. It is characterized by the death of brood 
during its uncapped stage and by the absence of any marked odor. 
The disorder has a wide distribution and is fairly well known to bee- 
keepers. The losses sustained by the infected apiary vary from a 
slight weakening of the colonies in some instances to the destruction 
of all of them in others. 

Practical apiarists have determined mucn concerning the disorder 
while pursuing their profession. The writer in an earlier paper (15)+ 
referred to the nature and extent of the progress that had been made 
in the study of the disease from the laboratory point of view. The 
present paper deals with results which have been obtained from a con- 
tinuation of the work. Among the problems considered are: The re- 


1 Wigures in parentheses refer to ‘‘ Literature cited,” p. 34. 
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sistance of Bacillus pluton to heat, drying, sunlight, fermentation, 
and disinfectants; the effect of the disease on the colony and on the 
apiary; and the transmission, diagnosis, and prognosis of the disease. 
Work directly on the treatment of the disease has not been attempted 
by the writer. Naturally, however, any treatment that is devised, if it 
is to be efficient and at the same time economical, must be based upon 
results obtained from the solution of such problems as those which 
have received attention in these studies. 

Results obtained from a study of the disease in the eee and 
in the experimental apiary form the basis of the discussions contained 
in the present paper. Since the disease encountered in nature is very 
similar to the one produced by artificial inoculation, the importance 
of the studies is at once evident. 

The paper + will be of interest, it is believed, not only to the apiarist 
who may wish to apply the facts here determined in the pursuit of 
his profession, but also to the investigator whose desire primarily is 
a further study of the disease. 


NAME OF THE DISEASE 


The term “ foulbrood ” was quite generally used in the past, as it 
still frequently is, for the two infectious diseases now known in 
America as European foulbrood and American foulbrood. In 1885 
when Cheshire and Cheyne (4) in England made their studies on 
foulbrood and described Bacillus alvei, evidently they were not con- 
vinced that there were two distinct diseases that were being called 
by the one name foulbrood. The disease studied by them is the one 
which is the subject of discussion in the present paper. In the names 
for the two diseases it will be observed that the word “ foulbrood ” is 
retained in both instances. To this “ European” is added for the 
disease on which early laboratory studies were made by these Euro- 
peans (Cheshire and Cheyne). 

Dr. William R. Howard (6), of Texas, in 1900, worked for a brief 
period with this disease, reached the conclusion that it was a new one, 
and referred to it by the names “ New York bee disease,” or “ black 
brood.” Work by Moore and White (11) in 1902 showed that the 
disease was not new, but was the foulbrood studied by Cheshire and 
Cheyne (4). The names “ New York bee disease,” or “ black brood,” 
therefore, were superfiuous, and as their use would have added to the 
confusion that already existed they were discarded. Beekeepers, ento- 
mologists, and ees as a rule, are more or less familiar with 
the terms “ foulbrood ” and “ Bacillus alvei.” Usually, however, the 
ropy foulbrood—American foulbrood—is the one that is thought of, 


1 The present studies are similar to those made by the writer on sacbrood (17), Nosema- 
disease (18), and American foulbrood (19). A reference to these papers may be found 
helpful where the discussions in the present one are especially brief. The investigations 
were completed in September, 1916, and the paper was submitted for publication in 
October, 1918. 
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and the one that frequently has been associated in the literature with 
Bacillus alvei. This is unfortunate. While B. alvei is not the cause 
of any bee disease, it occurs very frequently with European foul- 
brood and is found only seldom in the ropy disease. In using the 
names European foulbrood and American foulbrood it is possible, 
however, to avoid confusion by bearing well in mind the history of 
the disease. 


HEALTHY LARV OF THE AGE AT WHICH THEY DIE OF 
EUROPEAN FOULBROOD 


Bees dying of European foulbrood do so during the larval stage.t 
Death may take place <t any time from the fourth day of larval life to 
pupation. For convenience of description the brood of the age at 
which death from European foulbrood occurs is placed here in three 
groups. Groups 1 and 2 include the uncapped and group 3 the capped 
larvee. 

GROUP 1 

The youngest larva (Pl. II, D, G) that dies of European foulbrood 
practically covers the bottom of the cell. It hes either on its right or 
its left side, with its dorsal portion extending to the lateral walls of 
the cell. Its form is C shaped with the anterior and posterior ex- 
tremities almost together. Its color is bluish white with a glistening 
surface, presenting a pearly appearance. The body is more or less 
opaque, due largely to the adipose tissue. Folds and furrows divide 
the surface into segments. In health these are quite prominent and 
the entire larva is turgid in appearance. 

With the unaided eye spiracles and trachew can be seen with diffi- 
culty, but by slight magnification they are readily observed. Most 
of the trachez, appearing as white lines, extend either dorsally or 
ventrally on the lateral side of the larva, but a distinct chain con- 
necting them will be observed to extend at right angles to these. 


GROUP 2 


Healthy larve (PIL. III, D, G) slightly older than those described in 
Group 1 constitute Group 2. The larva now completely fills the 
bottom of the cell. The dorsal side pressing against the lateral side 
walls of the cell causes the contour of the body to be in general 
hexagonal. The trachee are seen less easily than in younger larve, 
while the color, glistening appearance, prominence of segments, and 
turgidity are similar to those of the younger larve described in 
Group 1. 

By turning the larva so that its dorsal surface may be brought into 
view (PI. III, A) there is observed a more or less transparent narrow 


1The term larve as used in the present paper applies to the prepupe as well as to 
earlier stages of the brood. 
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area along the dorsal median line extending nearly the length of the 
body. The contents of the stomach may be seen through this area. 
The color of the mass is due chiefly to the presence of pollen. It is 
usually some shade of yellow. The median area presents in its 
appearance a sharp contrast to the bluish-white, opaque portions on 
either side of it. Similar appearances are to be noted in the larve of 
Group 1. 

The larva removed from the cell performs only slight movements, 
hes partly coiled, and is more or less turgid. The segments are promi- 
nent. When the body wall is torn there flows from the ruptured wall 
the clear larval blood, in which are suspended often fat and other 
tissue cells which give to it a somewhat milky appearance. The 
stomach, a transparent tube easily torn into segments, contains a 
mass of partially digested food, pollen constituting usually a con- 
spicuous portion of it. 


GROUP 3 


Group 3 consists of capped larve. These are, therefore, larger than 
those described in Groups 1 and 2. In the group are included the 
larve which have spun a cocoon as well as those which have not. An 
endwise position in the cell may or may not have been assumed. The 
larvee are seen in various positions. Not infrequently some portion 
of the dorsal surface is turned toward the observer, the narrow, me- 
dian, transparent area being in evidence as in younger larve. Healthy 
larve occupying an endwise position are described in papers on sac- 
brood and American foulbrood (17, 19) and will not be referred to 
further at this time. 

SYMPTOMS 


In European foulbrood, as in other brood diseases, the colony as 
a whole and not the individual bee should be considered as the unit in 
the discussion of the symptoms of the disease. The description of the 
symptoms recorded in the present paper is based chiefly upon observa- 
tions made on the disease produced through artificial inoculations. 
In making the studies in the experimental apiary observations made 
by beekeepers have been duplicated and new facts determined. It 
has been possible also to locate errors which have been made in 
discussions of symptoms of the disease. 


GENERAL SYMPTOMS FROM A CASUAL EXAMINATION 


Death of brood during the feeding stage, in uncapped cells, is a 
characteristic of European foulbrood. The brood nest in the disease 
usually presents an irregular appearance, capped cells and uncapped 
ones being found scattered irregularly over the brood frames, giving 
to them the “ pepper box” appearance (Pl. I) often referred to by 
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beekeepers, a condition noticeable when the disease is fairly well 
advanced in the colony. 

The dead larve lose their pearly whiteness and assume a yellowish 
color, later becoming brownish. This deepens often to a dark brown. 
The decaying remains are not characteristically ropy, as in American 
foulbrood. Marked viscidity is usually absent. When it is present 
the decaying mass can be drawn into threads but to a less extent than 
in the ropy disease. In advanced cases the disease may be accom- 
panied by an odor, but in the writer’s experience this never has been 
marked and never offensive. 

As the disease in the colony advances, weakness becomes a symp- 
tom. In severe cases queenlessness may result from the infection. 
This, however, is by no means the rule. 


SYMPTOMS MANIFESTED BY INDIVIDUAL LARV4 SICK OR DEAD OF EUROPEAN 
FOULBROOD 


Evidences of European foulbrood in the individual larve appear 
before and after death. The colony symptoms used most frequently 
in the diagnosis of the disease are largely post-mortem appearances 
of larve. Of much interest and frequently of considerable diagnos- 
tic value are the symptoms manifest by larve sick but not dead of 
the disease. For convenience in the description of the appearances 
of the sick or dead larvee, the grouping used in describing the 
healthy larve (p. 3) is followed. The appearances of affected 
larvee both living and dead are, of course, changing constantly. A 
description which is correct for one day or hour, it should be 
realized, is not likely to be entirely correct for the next. 


GROUP 1 


The youngest larvee manifesting symptoms of European foul- 
brood are approximately 4 days old (Pl. TI, A, B, C, E, F, H,1). In 
many cases at this stage of the disease a peristalsis-like movement of 
the body is marked and is readily observed by the unaided eye, but 
in others no such bodily movements are observed. The diseased 
larvee at the time may be more transparent (Pl. II, B, H) than 
healthy ones of the same size. In such larve the trachezx are quite 
prominent and more readily seen than in healthy ones. Occasionally 
numerous minute opaque areas are observed in these more transpar- 
ent larvee, giving to them a punctate appearance. Very often, how- 
ever, this sign is not present. In many instances, indeed, no distinct 
symptom is observed until the larva approaches death. (PI. IT, A). 

Larvee (Pl. II, A, B, C, E, H, 1) of this group dying or just dead 
of the disease lose their marked glistening appearance; their pearly 
whiteness gives way to a yellowish tint; the turgidity seen in healthy 
larvee is diminished in the sick; and the folds and furrows indicat- 
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ing the segments of the body become less prominent. As the process 
ot decay advances the yellowish hue changes, the color assuming a 
brownish tone. The segmental markings are less prominent, while 
the trachez often become quite distinct, appearing as white lines 
contrasted with the darker color of the larval remains (PI. I, B). 
Not infrequently at this time there will be seen a chitinous envelope 
containing a watery-looking fluid in which is the larva proper (PI. 
II, C; PL. IV, A). The decay proceeds and the drying becomes evi- 
dent. The larval mass settling upon the concave bottom of the cell 
causes the upper surface of the mass to be depressed about the cen- 
ter. At this stage the trachez not infrequently are seen distinctly in 
the drying mass. When the larval remains become dry they are 
known as the scale (Pl. IJ, F). The scales do not adhere closely to 
the cell and when removed are found to be thin and more or less 
circular in outline. They are convex and smooth on the side which 
was in contact with the bottom of the cell while the opposite surface— 
the one which, while in the cell, was toward the observer—is slightly 
roughened and concave. 


GROUP 2 


Larve (Pl. IIT) showing symptoms of European foulbrood and 
classed in this group have reached a sufficient size to fill the deepest 
third or more of the cell. The yellowish tint appears in contrast to the 
bluish white of the healthy larve (Pl. 111,D,G). Increased movement 
may or may not be observed. Before and after death the remains 
may assume one of a number of positions in the cell. Not infre- 
quently a portion of the dorsal surface is turned toward the observer 
(Pl. III, B). Usually through the transparent area along the me- 
dian dorsal line a whitish or yellowish-white mass is to be observed. 
This mass is within the stomach of the larva and contains a large 
amount of bacterial growth (Pl. VIII, a, b,c) consisting very largely 
of Bacillus pluton. Often before death this mass is seen to move 
within the stomach in response to the peristalsis-hke movements of 
the body of the larva. 

At the time of death the Jarva usually occupies some unnatural 
position, being more or less curled up and lying upon the floor of the 
cell (Pl. ITI, C, E, F, H, 1). Lessened turgidity, a relative dullness 
of the surface appearance, and a yellowish tint are present. Not in- 
frequently the two ends of the larva are directed more or less 
toward the bottom of the cell and some portion of the dorsal surface 
is toward the opening of it (Pl. III, E, H, 1). Among the dead 
larvee will be found some with one end directed toward the bot- 
tom, and the other toward the mouth of the cell, the body occupying 
a more or less spiral position against the side walls and floor of the 
cell (Pl. III, F). 


) 
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Later the dead larval remains assume a brownish tint which 
deepens to varying shades as decay continues and drying takes place. 
During the early part of the decay, the firmness of the body wall per- 
mits the removal of the larva intact from the cell. Later, however, it 
offers but little resistance and is easily ruptured. The decaying mass 
before drying often attains a certain amount of viscidity. Sometimes 
it is of a doughy consistency, at other times it is purulent or sputum- 
- like, while at times it assumes a viscidity that will permit of its being 
drawn out to the extent of an inch or more. When the larval mass 
becomes dry it forms an irregular scale, usually brown in color, lying 
on the floor or side wall of the cell or both, but not adhering closely 
to them. 


GROUP 3 
A larva dying of European foulbrood after being capped may be 


found occupying one of many positions within the cell (Pl. IV, 
C, D, E; Pl. V, D, E, F, G, H). Dying before the two-day quiescent 


period that precedes pupation, the remains during decay and as a ° 


scale resemble in many respects those of larve described in group 
2. The dry scales occupy usually an irregular position on the floor 
of the cell (Pl. IV, F, G). Dying during the two-day quiescent 
period, however, the scales (Pl. V, F, I) resemble very much those 
of larve dying at the same age of American foulbrood. The larval 
mass assumes the brownish hue which deepens as the decay advances, 
reaching a dark brown. Viscidity is present in the decaying larval 
mass, but the extent to which the decaying material may be drawn 
out is less than in American foulbrood. The scale is less brittle and 
more rubberlike. 

At no time has the writer observed pup dead of European foul- 
brood. If they die of the disease it is a rare occurrence. 

The removal of larve sick or dead of the disease is accomplished 
to a greater or less degree by adult workers. The larve are either 
partially or entirely removed. This is usually done piecemeal. In 
an infected colony will be found, therefore, the remains of larvee of 
different ages (Pl. IV, B) and (Pl. V, A) in varying numbers. 


ETIOLOGY 
PREDISPOSING CAUSES 


Age.—Infection in European foulbrood takes place during the 
feeding stage and at some time after the first day of larval life, 
the larve being more often 2 days of age, or older. Death takes 
place somewhat more than 2 days from the time of infection. As 
a rule, therefore, a larva has passed its fourth day of larval life 
before death from European foulbrood occurs. From this age to 
pupation larve may die of the disease. The writer has not encoun- 
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tered death among brood which has reached the pupal stage. Adult 
bees are not susceptible to infection. 

Sex.—W orker, drone, and queen larve are all susceptible to in- 
fection with Bacillus pluton and any of these may die of European 
foulbrood. 

Race-——Complete immunity from European foulbrood has not 
been found among the races of bees studied. Experimental work 
recorded in the present paper involved the use of at least five 
colonies of “tested Italians,” two of “tested Carniolans,” and two 
of “tested Caucasians.” For the most part the bees used were “ un- 
tested Italians,” but among the colonies were a few common blacks. 
In all these strains the disease was readily produced through experi- 
mental inoculation. The examination of numerous samples of dis- 
eased brood received from beekeepers throughout the United States 
suggests that all races commonly kept by American beekepeers are 
susceptible to European foulbrood.. The relative immunity of the 
different races has not been demonstrated by the studies. These 
facts, however, do not dispute the observation by practical bee- 
keepers that some strains of bees show a greater colony resistance 
than others. 

Climate-—F rom reports of studies made in Austria by Muck (12), 
in Denmark by Bahr (1), in England by Cheshire and Cheyne (4), 
in Germany by Zander (20), and in Switzerland by Burri (8), it is 
clearly evident that the disease discussed in the present paper occurs 
in these different countries. It has been encountered also in many 
sections of the United States and Canada. This distribution shows 
that the infection can exist under a variety of climatic conditions. 
The practical import of the fact is that the presence of European 
foulbrood in any locality can not be attributed entirely to the climate 
of the region. 

Season.—Beekeepers have observed that European foulbrood oc- 
curs with greatest severity before midsummer rather than later in 
the season. The disease, it has been shown experimentally, can be 
produced, however, at any season of the year at which brood is being 
reared. Its severity at any given season is to be attributed, there- 
fore, to environmental conditions rather than to the difference in 
the susceptibility of larve during the different seasons. 

Food—As in American foulbrood it is found that the cause of the 
disease in the colony is governed very little if at all by the quality 
of food gathered by bees. Indirectly, however, the quantity present 
in the hive or obtainable often does influence its course materially. 


EXCITING CAUSE 


That Bacillus alvet may be present in large numbers in brood dead 
of foulbrood was demonstrated by Cheshire and Cheyne (4) in 1885. 
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For a decade and a half following the observation the belief was 
quite general that this bacterium was the exciting cause of a bee dis- 
ease. The view was then seriously challenged. In 1906 the only 
positive conclusion in regard to the relation between European foul- 
brood and Bacillus alvei that could be drawn by the writer (13) was 
that this species occurs in brood dead of the disease. 

William R. Howard (6), of Texas, after a brief study of the dis- 
ease reported in 1900 the presence of an organism which he called 
Bacillus millii. He cultivated the species apparently with ease. In 
1904 Bahr (1) in Denmark found a small oval bacterium in a brood 
disease in which larvee dying in uncapped cells are yellowish in color 
and not ropy in consistency. Burri (8) in 1906 encountered in his 
studies on the brood diseases a small bacterium which he referred to 
as guntheri-forms. The species was cultured and compared with 
Bacterium guntheri and found to be somewhat different. In 1907 
Maassen (7) obtained from brood material cultures of a species 
which he named Streptococcus apis. White (14) in 1908 reported 
the presence of a small organism in European foulbrood which had 
refused to grow on artificial media. The species was not the one, 
therefore, with which the investigators just referred to had worked. 
That this organism might be the exciting cause of the disease was 
noted. Pending more information regarding it, the species was not 
given a name but was referred to as bacillus “ Y.” That this species 
bears a direct etiological relation to the disease was demonstrated in 
1912 by the writer (15) and the name Bacillus pluton was then given 
to it. 

As the cultivation of Bacillus pluton on artificial media had not 
been accomplished the conclusion that it is the exciting cause of 
European foulbrood was arrived at by eliminating all other possible 
agencies. The observations furnishing the proof appear in an earlier 
paper (15). By demonstrating Bacillus pluton to be the cause of 
the disease, Bacillus alvei, Streptococcus apis, Bacterium eurydice, 
and Bacillus orpheus, and still other species occasionally encountered, 
were thereby proven to be secondary invaders. 

To eliminate the possibility of a filterable virus in European foul- 
brood 10 colonies were inoculated with filtrates obtained from aque- 
ous suspensions of brood sick and dead of the disease. In six 
instances the Berkefeld N filter was used and in four the Pasteur- 
Chamberland F was employed. In no case was the disease produced. 
Studies recorded in the present paper on the resistance of Bacillus 
pluton to heating, drying, fermentation, and disinfectants show that 
when the virus of the disease is not destroyed this species is still alive. 
This fact is further evidence in support of the conclusion that the 
species Bacillus pluton is the virus of the disease. 

132817°—20—Bull. 810-2 
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BACILLUS PLUTON 


An artificial medium for the cultivation of Bacillus pluton has not 
yet been devised. To accomplish this may or may not be a particu- 
larly difficult task. The media ordinarily used in the laboratory are 
not suitable. Bee-larve agar, brood-filtrate media, egg-yolk-sus- 
pension agar (19), and combinations of these have not thus far 
proved sufficient for the purpose. The species is an unusual one. 
The generic classification has not been determined definitely and this 
may not be possible until the proper condition for the artificial eulti- 
vation of the species has been supplied. 

The morphology of Bacillus pluton is somewhat variable. In very 
early infection its form is that of a short rod in pairs or in chains, or 
possibly of a coccus with the individuals similarly arranged (fig. 1; 
Pl. VII. B). The length is then equal to or somewhat greater than 
: the breadth. In slightly later 
stages of infection the predomi- 
nating form is that of a lancet- 
shaped coceus (fig. 1; Pl VU, 
A). and in late stages this form 
is present almost exclusively. 
The lancet form occurs singly, 
varying greatly in size and hav- 
ing a length which approximates 
twice the width. The length is 
more often less than 1 y than 
greater. The organism colors 
uniformly with the aniline stains, 
stains with iron hematoxylin, and 
is gram-positive. It does not 
form spores. This is evidenced by the microscopic appearance and 
also by the thermal death point of the species. Its resistance to dry- 
ing, disinfectants, and other environments is discussed Jater in the 
present paper. 

Seven rabbits inoculated, six subcutaneously and one intraperi- 
toneally, with a suspension of larve dead of European foulbrood 
proved to be refractory. Only a slight rise of temperature followed 
the inoculations and the weight was not materially affected. Six 
guinea pigs inoculated subcutaneously with similar material proved 
not to be susceptible to infection with the species. Four pigeons 
inoculated in the pectoral muscles and two white rats inoculated sub- 
cutaneously also proved refractory. In none of these inoculated ani- 
mals were there any lesions of particular note produced. 

Growth of Bacillus pluton in the infected larva begins close to the 
surface of the peritrophic membrane (Pl. VII, I) in contact with the 
food of the larva. As growth continues the bacterial mass extends 
toward the center of the lumen of the peritrophic sac (Pl. VII, K), 


72) 


Fie. 1—Bacillus pluton. 
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finally filling it more or less completely (Pl. VII, J). The growth does 
not always take place uniformly along the peritrophic membrane (PI. 
VII, J), nor does it extend beyond it (Pl. VII, I, J, K), but is inclosed 
within the sac, the tissues of the larve not being reached. The mul- 
tiplication of the organism after the death of the host, if, indeed, it 
takes place at all, is limited. 

Secondary invaders, chiefly Bacillus alvei, Bacterium curydice, 
Streptococcus apis, and occasionally Bacillus orpheus, and a few 
others, are encountered at various stages of the disease and during the 
decay of the larva. During the life of the larva these species also 
remain within the peritrophic sac. 


BACILLUS ALVEI 


Bacillus alvei (fig. 2; Pl. VII, D, F) is present very frequently and 
in very large numbers in larve dead of European foulbrood. The 
species was well described by 
Cheyne (4). Descriptions may be 
found elsewhere also (11,18). It 
is readily recognized and may be 
differentiated easily from other 
spore - producing species  occa- 
sionally encountered in the dis- 
eased brood. 

Bacillus alvei is not the active 
cause of any bee disease. It 
seems probable, however, that it 
plays a role in European foul- 
brood, but the extent is not fully 
known. The species 18 present Fic. 2.—Bacillus alvei. Spores free from 
usually, if not invariably, in large Toto ueere mua 
numbers in the rubberlike scales (Pl. V, F, I), which resemble 
so much those of American foulbrood. The decayed larval mass, 
which forms the scale, before becoming dry is ropy in consistency 
similar to that of American foulbrood but to a less degree. It 
seems probable that this ropiness is due more or less directly to 
Bacillus alvet. On account of this viscidity the decaying mass, as 
well as the scales, are removed with greater difficulty than are most 
larvee dead of European foulbrood. The result, as often observed, is 
that these brown viscid decaying larve or the rubberlike scales result- 
ing from them are the only evidence that European foulbrood is 
present in the colony. 

While Bacillus pluton in such larval masses and scales is often diffi- 
cult to detect microscopically, its presence can be demonstrated 
through the experimental inoculation of healthy larve. Inasmuch as 
Bacillus pluton will live for a considerable period in the scales, it 
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seems quite probable that the disease might in some cases be carried 
over for months or even over winter through the medium of these 
rubberlike scales. 

It is of interest to know that the amount of disease resulting imme- 
diately from inoculations in which scale material is used is much less 
than when larve recently dead of the disease are used. This is true 
also of dead larve stored in Petri dishes compared with smears allowed 
to dry immediately from larvee recently dead of the disease. These 
facts indicate a possible deleterious effect on Bacillus pluton of the sec- 
ondary invaders multiplying in the decaying larve. 


STREPTOCOCCUS APIS 


It is most probable that Streptococcus apis is the species that was 
isolated from diseased brood by Burri (3) and referred to by him 
in 1906 as “ giuntheri-forms.” Maas- 
sen described it in 1908 (8). The 
organism grows well at incubator, 
room, and refrigerator tempera- 
tures in most of the media ordi- 
narily used in the laboratory. 
Its cultural characteristics suggest 
the micrococci rather than the 
streptococci. Confusion in some 
of the earlier investigations was 
due evidently to the resemblance 
of Streptococcus apis and Bacillus . 
pluton morphologically. To this 
fact is due the chief interest in the 
species Streptococcus apis. When 
encountered in larve dead of European foulbrood it can be identified 
readily by culturing. The generic position of this species should be 
considered as being not altogether certain. 

Occurrence.—Streptococcus apis is occasionally encountered in larvz dead of 
European foulbrood and often is present in large numbers. 

Morphology.—It is more or less spherical (fig. 3; Pl. VII, E), occurring singly 
and in pairs with occasionally a chain of 2 or more pairs when grown in liquid 
media. In larval remains not infrequently the ends may be somewhat pointed. 

Staining properties.—It colors uniformly and readily with the common stains, 
and retains the stain after Gram’s method. 

Glucose agar plate-—Within a day growth is visible. Colonies never become 
large. Surface colonies are usually less than 2 mm. They are circular with 
uniform outline and a well-defined border, are grayish by reflected and bluish 
by transmitted light, are smooth and convex, are moist and glistening in ap- 
pearance, and are friable in consistency. When magnified the surface colonies 
appear light brown in color, and granular in structure, the density decreasing 
from the center to the periphery. Deep colonies appear dense, dark brown, and 
coarsely granular. They are in general lenticular to oval but are sometimes 
almost spherical in form. 


Fic. 3.—Streptococcus apis. 
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Glucose gelatin plate.—At refrigerator temperature and within 3 days, the 
surface colonies begin to liquefy the gelatin, each liquefied area appearing 
somewhat as a minute drop of water. 

Agar slant.—In one day numerous gray colonies cover the inoculated surface. 

“Bouillon.—Within a day the medium is uniformly and moderately clouded. 

Fermentation.—In glucose, lactose, saccharose, levulose, maltose, and man- 
nite bouillons, a uniform clouding of the media occurs. The growth takes place 
in both arms of the tube, but is heavier in the open one, Considerable acidity, 
but no gas, is produced. 

Milk.—Milk is rapidly coagulated. Digestion of the coagulum follows. In 
from 3 to 5 days more than one-half has been changed. Within 24 hourg the 
color is discharged in litmus milk, except at the top of the medium. In other 
respects it is like the plain milk. 

Potato.—No visible growth. That growth in the potato water takes place is 
confirmed by microscopic examination. 

Gelatin stab.—Liquefaction along the line of puncture is appreciable after one 
day. In four days a cylinder of liquefied gelatin 1 cm. in diameter surrounds 
the original line of puncture and soon extends to the walls of the tube. 

Pathogenesis.—No disease results when 
the brood of bees is fed cultures of 
Streptococcus apis either by the direct 
or indirect method. A rabbit and two 
guinea vigs inoculated with a pure cul- 
ture of Streptococcus apis were not sus- 
ceptible to infection with the species. 


BACTERIUM EURYDICE 


The presence of this species in 
European foulbrood was pointed 
out by the writer in an earlier pub- 
lication (15). Among the second- 
ary invaders in larve infected with ~ 
Bacillus pluton, Bacterium eury- BGs ea otc nr ey ate: 
dice is one of the earliest to be found. It is often present in consid- 
erable numbers. In plating for the species the stomach contents from 
larvee sick, but not dead, of the disease should be used. In studying 
this species cultures were isolated which in some respects differed 
from it. Whether these are different species or belong to a group of 
which Bacterium eurydice is a representative has not been definitely 
determined. 

To isolate Bactertwm eurydice the plating has been done with glu- 
cose agar. Incubation must be carried out at room temperature. 
Growth of the species is always slow and never luxuriant. Under 
favorable conditions colonies are visible after one day. To preserve 
cultures they must be renewed frequently. 


Occurrence.—Bacterium eurydice is frequently present in larve sick or 
recently dead of European foulbrood. 

Glucose agar plate—To the naked eye the surface colonies are slightly 
convex, smooth, and glistening. They are from 1 to 2 mm. in diameter, cir- 
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cular and uniform in outline. The color is bluish by transmitted and grayish 
by refiected light. Under a two-thirds objective they are a light brown, and are 
finely granular near the periphery, but more coarsely granular near the 
center. 

Morphology—tThe rod (fig. 4; Pl. VII, C) is small and slender with slightly 
rounded ends, occurring usually in pairs or singly. It is nonmotile and no 
spores are produced. 

Staining properties—It is stained easily and uniformly with the ordinary 
aniline stains and is Gram-negative. 

Oxygen reqgurements—Growth is better in the presence of air than in anaero- 
bic conditions. 

Bouitllon— Growth takes place slowly, producing a uniform cloudiness with 
no pellicle. After a week or more a somewhat viscid sediment is present. 

Sugars. Growth in the sugar media is slow, variable, and never luxuriant. 
Both arms may be clouded. Glucose or levulose when added improves a 
medium. Fermentation with gas does not take place in any of the sugars. 
A noticeable amount of acid is formed when glucose and levulose are used, 
the other sugars being less affected. A 1 per cent honey solution supports 
a moderate growth. Brood filtrate as a rule improves media. 

Milk.—In plain and litmus milk no changes are visible. 

Potaio— Growth on potato is slow. When present, the culture is for the most 
part grayish in color. 

Gelatin stab—A bluish gray growth appears slowly along the line of inocula- 
tion. No liquefaction follows. 

Pathogenesis.—No ill results are ob- 
served when cultures of Bacterium eury- 
dice are fed to healthy colonies of bees. 
A rabbit inoculated subcutaneously with 
a pure culture proved to be refractory. 


BACILLUS ORPHEUS 


The name Bacillus orpheus was 
given to an interesting species occa- 
sionally encountered in European 
foulbrood (15). In one instance 
the species was found very widely 
distributed in an apiary in which 
Fic. 5— Bacillus orpheus: Spore for- heavy losses were being sustained 

mation- from the disease. In this case the 
dead larvae when dry were stonelike in character, the petrified re- 
mains breaking like so much marble. Usually the species is met with 
in a less number of the affected larve. It can be readily identified © 
from its morphology and cultural characteristics. A description of 
the species has been made by McCray (9). An organism similar to 
B. orpheus in many respects has been described by Laubach (5) and 
named Bacillus laterosporus. 


The organism is a motile spore-bearing rod with a few peritrichic flagella. 
Spore formation begins in a few hours on the surface of the agar at incubator 
temperature, the rod swelling toward the center and becoming fusiform. Soon. 
as determined from stained preparations, the spore is seen occupying one side 
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of the rod with the protoplasm distributed along the opposite side and the two 
ends (fig. 5; Pl. VII, H). The rod, together with the spore within it, measures 
about 2.44 in length and 1.24 in width. This relation of spore and rod persists 
in cultures on a solid medium for a long period, especially at room temperature. 
Good growth, no gas, and only slight changes in reaction occur in the sugar 
media. A slight coagulum forms in the milk which is slowly digested. Gelatin 
is rapidly fluidified. 

Bacillus orpheus is not pathogenic for the brood of bees when inoculated by 
feeding either by the direct or indirect method. Silkworm larve succumb fol- 
lowing inoculation by feeding and also by puncture. 


TECHNIQUE* 


Artificial conditions for the successful cultivation of Bacillus pluton 
have not yet been obtained. That this can be achieved by further 
study is not at all improbable. Without having accomplished this, 
it has been possible, however, to make the studies on the biology of 
the parasite that were most desired. This was done through ex- 
perimental work, using the larve of bees. The inoculations were 
made by feeding a suspension of the organism in sugar sirup. 

Two methods were employed in making the feedings, which will 
be referred to here as (a) the indirect method, in which the colony 
is inoculated, and (0) the direct method, in which only a few 
larvee are inoculated. Cane sugar and water were used in preparing 
the sirup in the proportion approximately of 3 to 2. This solution 
was then brought to the boiling point. 

From 5 to 10 diseased larve furnish sufficient infective material 
when the indirect method is followed. These, after being picked 
from the brood frame, are thoroughly crushed, added to about 300 
c. c. of the cooled sirup, and fed to a colony.?, When the suspension 
contains the living virus, symptoms of European foulbrood appear 
in 8 days following the inoculation. The earliest evidence of disease 
is manifested by sick rather than dead larve (p. 5). Often frag- 
ments of larvee (PL IV, B) are found upon examination of the 
brood nest. 

In the direct method Bacillus pluton is taken from the stomachs 
of infected bees. Sick rather than dead larve are preferred for ob- 
taining the virus free from the body tissues. By the use of dissect- 
ing needles and with a little care the stomach contents (Pl. VIII) 
can be pulled out of the blind end of the organ (15). The virus- 
containing material thus obtained is triturated with water and the 
aqueous suspension is added to sirup. The suspension of Bacillus 
pluton in a thin sirup is used in making the inoculation. Larve 
about 2 days old are especially desirable for the direct method. The 
inoculation is made by adding a small amount of the suspension to 

1The technique in general which was found to be satisfactory for bee-disease studies 


is detailed to some extent in the sacbrood paper (17). 
2'The experimental colony is described in earlier papers (17, 18). 
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the food of the larve by means of a capillary pipette made from 
glass tubing of small bore. Care must be exercised in thus feeding 
the larve. Too much of the suspension will often fioat the larva. 
There is danger also that it will be changed in position mechanically 
by means of the feeding pipette. In either event the chances are 
that such larve will be removed subsequently by the bees. Consider- 
able larval food already in the cell is advantageous. This method 
has proved to be especially useful in much of the experimental work 
recorded in the present paper. It has the advantage of being both 
economical as to the number of colonies needed, and definite. Dur- 
ing the third day following the 
hour of inoculation symptoms 
of European foulbrood will be 
observed if infection is pro- 
duced. By the fourth day fre- 
quently all of the infected lar- 
ve will have been removed by 
the bees. Symptoms of Euro- 
pean foulbrood infection mani- 
fested by larve sick rather than 
dead have proved to be espe- 
cially useful for experimental 
purposes in these studies. 
During most of the time that 
experimental studies are being 
vi made it is necessary to have 
Fic. 6.—Experimental hive, having ¢ Hoffman frech diseased material at 
frames, a division board, Petri dishes as feed- 
ers, the enirance nearly closed with wire hand. A supply can be main- 
~cloth, and the opening on the side of the’ tained by using one or more 
ey Li) Loan fo eolenies forgine plea pai 
peated inoculations of the col- 
ony usually must be made at intervals of a few days or after longer 
periods, depending on its condition and the need for the virus. The 
indirect method is especially indicated in inoculating these colonies. 
Frequently colonies which have been employed in European foul- 
brood experiments can be used again for further experiments on the 
disease. This must be done with some care, however. The condition 
of the brood always should be noted before an inoculation is made. 
European foulbrood colonies serve very well the purpose of experi- 
mental colonies for the other brood diseases and for Nosema-disease. 
In fact, not infrequently during these studies experiments on two or 
more of the diseases were in progress in a colony at the same time. 
The apiary (Pl. VI) used in the experimental work with European 
foulbrood was the same as the one employed in the study of sac- 
brood (17), Nosema-disease (18), and American foulbrood (19). The 
hive (fig. 6) and the experimental colonies, where they were not the 
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same, were similar to those used in the other studies. The method 
of making the inoculations was also similar. The colonies were, there- 
fore, in the open and the bees had free access of flight. The same pre- 
cautions taken to minimize robbing, swarming, absconding, and drift- 
ing of bees were observed in the experiments with this disease as with 
the other diseases. AI] hives which had housed European foulbrood 
colonies were flamed before they were used again to be certain that 
there would be no infection from such a source. Whether the queens 
used had been in diseased colonies need not give one any concern. 
Further reference to the technique followed in the present studies will 
be made as the experiments are discussed. 


THERMAL DEATH POINT OF BACILLUS PLUTON 


The result of the experiments recorded by the writer in an earlier 
paper (16) shows that when suspended in water the thermal death 
point of Bacillus pluton is approximately 63° C., the period of ap- 
plication being 10 minutes. Further experiments have been con- 
ducted in which the organism was suspended in honey and heated. 
After being heated, healthy larve are inoculated by feeding, using 
the direct or pipette method. Table I summarizes the experiments 
made : 


TABLE I.—Resistance to heat of Bacillus pluton suspended in honey 


; A Period of : . 
Date of inoculation. Temperature. heating. Results of inoculation. 
1915. SHOE His Minutes. 
ibtaVe) Lay S) a a ee L SaS Aes See 67 153 10 | European foulbrood produced. 
UD) OSE hr eed ate Ere ean eine ones 70 158 10 Do. 
Xo) aide Sis SUS eee alpen er il ue rc 75 167 10 Do. 
CFD YE) A en cee I ES a a ee 76} . 169. 10 Do. 
ED OS Re ie, SPONSES al LBRO 3 78 172 10 Do. 
SOD fee oe een Vis Ney oe RN Ss Waa Lee 79 174 10 | No disease produced. 
AAD Rasy UN eae ee, eS al el ee ae 80 176 10 Do. 
DULTIO LS SAR IO eA Chek Bea 80 176 10 Do 
SEY OLS PAL Sc aE SHR RNa ice een inne ates 81 178 10 Do 
ITI OPO eae Mca noes Pee eben ia eR 85 185 10 Do 
COs tt a 2s eRe RN EHLEND 0 a 8 2 90 194 10 Do 


The results given in the foregoing table show that the thermal 
death point of Bacillus pluton suspended in honey is approximately 
79° C., maintained for 10 minutes. 


RESISTANCE OF BACILLUS PLUTON TO DRYING 


In conducting experiments relative to the effect of drying on 
Bacillus pluton the stomach contents (Pl. VIII) of larve sick or 
recently dead of European foulbrood are spread in a thin layer in 
Petri dishes or on slides. From time to time after the films are made 
healthy larvee are inoculated by feeding a suspension of the drying 
larval material suspended in a weak sirup solution. When no in- 
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fection results the germ is considered as having been destroyed. 
Observations have been made on the virus kept at incubator, room, 
outdoor, and refrigerator temperatures and shielded from the light 
in each instance. The experiments conducted with Bacillus pluton 
in these environments are summarized in Tables IT, III, IV, and 
V which follow: 


TABLE II.—Resistance of Bacillus pluton to drying at incubator temperature 


{ 


Date of inoculation. Period of exposure. Results of inoculation. 

1914 Months. | Days s 
UBL Sse Reon od ea a eee oS as ee ee eae 0 | European foulbrood produced 
SF UB yi MO seas Oe a eR eae eae ev mye pene pai ere a | em eee 17 Do. 
July: U7 ee EE SE Re Ee ee Oe eae 24 Do. 
DAT Vie LORS See ee ee eos ee ee ore Nit te 1 2 Do. 
PANT Se aes PIN aan ec ere en er Sau elt a ea ae 1 7 Do. 
Da UR ORE ho ie ee weer Bane yee Sona 1 17 Do. 
ESTE) OY Bes es tp a Ba eect Re Ste gar | Cee Reh ae eee 2 0 Do. 
Sep isdlOs eas er Ses eae er eee ees | Z 11 Do. 
POLS) OU EaR A ec enter eT ec SO hay pI ed oct 3 0 Do. 

1915. 
Hy Abb ee) A) ea agen ys, Ae Mis Sepa sa cle Sane mena eens ei 9 10 Do. 
SST yp Se a ply he et ace 12 2 Do. 
FST EE aay Se phe ster EC he tele an Sean Oe RDG ge 12 0 | No disease produced. 
SAN OL aie ears ea et ae Sin Ie SE Ee eg Nad 14 18 Do. 
Sep Gc ae ss ew ek Pe oe cm De ee Se 14 20 Do. 

1916 
DO Pt Seek es eae ee nae REE ty oes 24 | 0 Do. 

| | 


TABLE III.— Resistance of Bacillus pluton to drying at room temperature 


Date of inoculation. Period of drying. Results of inoculation. 
l 
Months. | Days. 

ysl OPA Sees Ree eee See ee ee 1 | 1 | European foulbrood produced. 
PSL) On Fase Ka} 0 Mb) [ce ere ee es oh er eee a | 1 | 21 Do. 
Sepecde LOLA rte re eee ae re eee 2 8 Do. 
SO Pts 28 ol GUA ayes oe ese ea a eles pera 2 21 Do. 
SLE) OL Farad el AE) Ke Soin heey reo nN By Oe ee Rogey nas 3 | 0 Do. 
OCT SGU U4 ee elie aie cep Ie ne eee es Pe ae ok Op 3 | 14 Do. 
Jars 20 M1015 Ss eles FN A ee 9° 10 Do. 
TealiyeO e115 see ee esa eee ns Ss et 12 | 6 Do. 
PANU ES SAO VA ie ere ae ates i Ee a | 11 | 13 | No disease produced. 
ARG HAYS 7A ROD GOS PR Sa Es See pes Se tat a Se Pema ne, ee 11 | 15 Do. 
JUNE 2a e1 915 ose e ke a Soe eee een eo Se ee 11 | 18 Do. 
SCO AOI G he a ae eo Ee ee ey epee 12 | 2 Do. 
Septal 7N1Ol pace eae Saas ite ane cae ee 14 | 10 Do. 
DEP lse20 O15 Sei aie eee wey ese 14 18 Do. 
DOPE SLOG kee Steen ee ee Oe ee eee yom ene ee 24 0 Do 

Oe SE i fa Ra Se cad bt ak cy ae 36 0 Do 


TABLE 1V.—Resistance of Bacillus pluton to drying at outdoor temperature 


Date of inoculation. Period of drying. Results of inoculation. 


Months. | Days. | 


So 47 I) ee eee on Seared ne ce soe SaaaadaDaSosisoos saa00C 33 | European foulbrood produced. 
Sentclo; (Oita rey enc sone tener oe Ui eteal| eee mereeree 47 Do. 

Oct 18; WOR el a 8 ede es dons res ie La eee S| a 74 Do. 

MA Vi2Gs MOUS ure oS ine cain ta cig eee ana ears are ales 9 21 Do. 

PUM OA Oe LOTS ese ee Re ea ee 10 18 Do. 

May 17, 1915.._--- ERG SE (aa te UE ese ON 13 17 Do. 

Aug SS ed O15 228s Soe e koe ee ee ee ORG a aaa 12 3 | No disease produced. 

SA brig) Lr /oen Ue i ach ees Se caet eR. Bane eo es Ee 12 Lg Do. 


Jane 23s Ol Getty See ea ene cin nee tater eee PS ye eee eam oe Do. 


| 


| 
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TABLE V.—Resistance of Bacillus pluton to drying at refrigerator temperature 


Date of inoculation. Period of drying. Results of inoculation. 
Months. | Days. 
Oyo sale ia leh Way emigre Sapa aed ete ae ga ccplaee  Oteey SP ees ER 26 | European foulbrood produced. 
Septal lOnGe ence ee eae ne oie ea 3 28 Do. 
1h Keio hd ROW Gi 2a oes Uae AS a yl i Na NL ea Na a 6 12 Do. 
EUITLO RSE 1G Guers c Ah RU ERNE Ns NERS CO Ce 8 0 Do. 
hips PLO TO TICSD. eset Beatie ral vy A RRND ey IN AEN Ie 8 2 | Do. 
SUMO 2S ONO LS eee Lee Ae Me cays en ela iia ereiave ts 9 0 Do. 
AAU eh Sa GCS Sa NS ne ase UR hr ce a 10 7 Do. 
Sept eS LONG es sare isle eee eh NMA SURO Ee 10 18 Do. 


From Table IT it will be observed that Bacillus pluton in a dry 
film made from the contents of infected larvee resisted drying at 
incubator temperature for approximately one year. Table III shows 
that at room temperature, other conditions being similar, the re- 
sistance is approximately equal to that at incubator temperature. 
At outdoor temperature, as shown by Table IV, the resistance is 
again approximately the same. At refrigerator temperature, Table 
V, the experiments do not include the period at which Bacillus pluton 
is destroyed. In 10 months the organism was still viable and the 
results of the inoculations indicate from the character of the infec- 
tion produced after such a period that at refrigerator temperature 
Bacillus pluton will remain alive for a longer period than at the 
other temperatures studied. 


RESISTANCE OF BACILLUS PLUTON WHEN DRY TO DIRECT 
SUNLIGHT 

In experiments relative to the resistance of Bacillus pluton, when 
dry, to the direct rays of the sun, smears are made of the contents of 
stomachs of European foulbrood larve in Petri dishes or on slides, 
and after becoming dry are exposed to the direct rays of the sun. 
After intervals reckoned in hours inoculations are made by feeding, 
using the direct method. Infection resulting from such inoculations 
shows that the drying has not killed the organism. In Table VI 
experiments performed in this connection are summarized : 


TABLE VI.—Results of inoculation with Bacillus pluton in a dry film exposed to 
direct sunlight 


Period 
Date of inoculations. of Results of inoculations. 
exposure. 
Hours 
Teun ys QT Uae uae tatctcoe Cr NR ete oS RN peak ae hak ne meee te to 3 | European foulbrood produced. 
Sep Calis AG Tee ee aN ah EAN Re a Keo ae WER TER 6 Do. 
ARDY Rise OH ek se Se sir SUE i egeteh SI Se aN ad teres 7 Do. 
SOP) Ges2 2 MIG IN seein ey ieee men) hy Ute men ie Rae eS RRS 8 Do. 
Daly, QU LOMA ee enn MAGN Setar pale des f 10 Do. 
ESA) OM AUC MUD Se ie eis EES alia i seam ea glare eee SS Se 14 Do. 
NTRP STO ES ae es A eel NTs Po Se geo eae a ee RES 15 Do. 
TU VAQA OIA eee Sa acR ree tenes See eee Sa het et EN 16 Do. 
eX BNE 50 ICO) Wee ANAS, CoA Es GS eae eS i Oe EE leg 20 Do. 
Sep teWlOsNOl gas eae ouneee ee soe ee ce eg eee 20 Do. 
Sept Zool o us ieee aoe Ser cornet cicic Uc ours aan 21 Do. 
Ue ZOMG UA Sach alice aera ans cia yan tar siine (ay. SRC Sy AU 23 Do. 


Layo eee SHE OAL GE AeA ES SN DE NOUN tS | 27 Do. 
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TaBLe VI.—Resulits of inoculation with Bacillus pluton, ete—Continued 


Period 
Date of inoculations. of Results of inoculation. 
exposure. 
j Hours. 
Se] RUA IG Gah ae eh ci ae Tae Wee eee Se Soe SOE 21 | No disease produced. 
Sepl24,; 1915. 2 ee Be ae 2a ek Sure ae edie aoe eee meee | 23 Do. 
STOLE te) Ly tie ee Ca ele Sk naan RSM a Le 24 Do. 
UN ite ea) I ee eee i en ae Ane ae Les eer aa 26 Do. 
SG) Ls UGE oS SSS SoS SSS seks SS scsendas Seas oo Se ese: 26 Do. 
stijite 1S), USNS = = oe se sgo cases op see ee Sacdomads see sono scccc cece | 31 Do. 
Septs20 MOU. ca osc eee end a eee eee e eee eae eee | 38 Do. 
ANTIRES) ON ae AOR es aod ome Bars SEE aeee SoHo ane -SeococGesnasaee 40 Do. 
SG) Fed 9 (Ce a ee one Se eee me wee A SEE = dt Do. 
IGT OUD see onese Saee ee eee ie ee ee | 46 Do. 
Aug S23 A Qo. joc- bes soos tee Saeco e ce ERLE 5 ghee Bas aoe 63 Do. 
POX) ON Fey Sa 1) Us a ee ee ee es ae ae ee See es eee 95 Do. 


Observations recorded in Table VI show that Bacillus pluton in a 
dry film made from the contents of the stomachs of larve sick or 
recently dead of European foulbrood resists the direct rays of the sun 
for from 21 to 31 hours. 


RESISTANCE OF BACILLUS PLUTON IN WATER TO DIRECT 
SUNLIGHT 


In performing the experiments relative to the effect of direct sun- 
light on Bacillus pluton suspended in water, an aqueous suspension 
of the contents of stomachs of infected larve is exposed, in a Petri 
dish with the top removed, to the direct rays of the sun. After in- 
tervals reckoned in hours inoculations of healthy larve are made to 
determine whether the organism is viable. The direct method is 
used. Experiments made in this connection are summarized in 


Table VII: 


TABLE VII.—Resistance of Bacillus pluton suspended in water exposed to the 
direct rays of the sun 


Period | 
Date of inoculation. of | Results of inoculation. 
exposure. | 
1915. Hours. 

INA DA coe occ SRDS See SAE eee See oe See ase eee reeee 1 | European foulbrood produced. 

DOES Faas Sos oie SOR et SE a eae eee EOE ane 2 Do. 
ANGI 2 3s ioc veces ek ent See a eee eee ee SS 2 Do. 
ANUS isenoceedas seb Guddebod= Gusset oeon case doese coeesebeeess 3 Do. 
SAN PS Qe so os see ecck ee ee ea cio eae ena 3 Do. 
EAMES SUG Eo rae occ ee ae Sere eae mela Se ye ene ree eae 3 Do. 
RES DT Poa sat eww eran Re ee SE Ss Rs oi Re ee eee 3 Do. 
Sept. (a ssc.cac8 see aes oe nee ee See rennet 4 | Do. 
AUG -18 5 een acs tea eet ees cke hee ee 5 Do. 
UE WG oo on Sse cce Se Sec hacks Se eee eas eee eee 5 | No disease produced. 
Septsliicse soo 2e cee sGe seen ee sca ue oak eee ce ee en 5 Do. 
AEST ore estes Sos amelie ee a kee nn oer 6 | Do. 
Bs \(0 1074 | eA ae AR eet ee AO eae Bee Seis fe | Do. 
DOD U4 ene tee erie tee eer Shine ame ticines oa eee eee “| Do. 

1D YO saris ie remark aa tet el ets [eee eye ieee 5 A RS Se 8 | Do. 

Ya seeps ely ey eee nee oneness NE Ok eS CS 9 | Do. 
FUbhy 28s oaaehe cette ha BU Ee ie ks ee Be RS eee 10 | Do. 
NG C04 eas eae nee se iaane At Ge aa ae aha Ee ese 18 | Do. 


Table VII shows that Bacillus pluton, when suspended in water 
and exposed to the direct rays of the sun, was destroyed in from 
5 to 6 hours. 
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RESISTANCE OF BACILLUS PLUTON IN HONEY TO DIRECT 
SUNLIGHT 


Experiments were made to determine the resistance of Bacillus 
pluton when suspended in honey to the direct rays of the sun. 
In these experiments a honey suspension of the organism obtained 
from the stomachs of infected bees is exposed to the sun in a 
Petri dish with the top removed. After intervals, reckoned in hours, 
inoculation tests are made using healthy larve and the direct 
method. Table VIII contains a summary of the experiments per- 
formed : 


TABLE VIII.—Resistance of Bacillus pluton suspended in honey and exposed 
to direct sunlight 


Period 
Date of inoculation. of Results of inoculation. 
exposure. 
1915. Hours. 
AN OR DAN in Seem tye aioe Sete aia arian as ats a Ae 5 Slot OR ii ncy ec cia 1 | European foulbrood produced. 
ADD) ORS rete yo Sess Seine aw aie athe ais ele ete estas we miemioake siniels 2 Do. 
AD) Qe emcee Se CREE ie onions nnSie sivas wee eiciedcts are 3 Do. 
AN Coep 3 Waa elles faear ee ielee ees eo at RI te SNe Selle een ee 3 | No disease produced, 
SAN 252 0 eerste ei oieisise eles erro ites er eine ic ciaieieiaiiciere 3 Do. 
DOD Uap Series Nose eee mets icra Spat a seis cle /oies/ajeisias 3 Do. 
PO PD eel Ore stever ens cesree ate ees er eicisiciaistele Mier nelasineibine iscisiccis wis, csrepe'e 4 Do. 
PANS 2O BS et te eM eee a Re ene Pics Says t ian be cai 5 Do. 
SSG ied a ce operate ey crenata ote Sas ee ci tcxalomrsciclotnts eiciaueainicinraicreioisiniere 5 Do. 
PR crenata hat any spe ges itn a Sinai otecs aise nin inte SD hinisa ee lclsis 6 Do. 
tSIG) Olio JU le Se eS NRC A BOSOM eee See LCc ener Rice iret ae aie 7 Do. 
FSIS) ORT 3 8 SU EN 8 a Se ee a ee 8 Do. 
bcs dae GSS ase a oo suo o dost EaiE BOSE Se Sees aaa ce te ase 9 Do. 
RIOD ase eee temic ce ear een cee itobec.s cee meee Re eRe Reet 10 Do. 


It is shown by the experiments recorded in Table VIII that in 
direct sunlight Bacillus pluton was destroyed in from 8 to 4 hours. 

The results obtained by the experiments summarized in the last 
three tables above, it will be noted, show that Bacillus pluton is sus- 
ceptible to the destructive effects of the direct rays of the sun; that 
the resistance of the organism suspended in honey is about equal to its 
resistance when suspended in water; and when dry the resistance is 
considerably greater than when suspended in either water or honey. 
It is to be expected that the period required for the destruction of the 
organism by the rays of the sun will vary with the intensity of the 
rays at the time of the exposure. In the foregoing experiments clear 
days were chosen and preference was given to the middle of the day 
for the exposures. 


RESISTANCE OF BACILLUS PLUTON TO FERMENTATION 


In obtaining data relative to the resistance of Bacillus pluton to 
fermentation, the stomach contents of larve sick or recently dead of 
European foulbrood were suspended in a 10 per cent sugar (saccha- 
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rose) solution. A bit of soil was added to inoculate it further. 
Records were made on suspensions fermenting at incubator and room 
temperatures, respectively. Tables TX and X which follow sum- 
marize experiments made: 


’ TaBLe 1X.—Bacillus pluton in a 10 per cent sugar solution fermenting at incu- 
bator temperature 


Period of 
Date of inoculation. fermen- Results of inoculation. 
tation. 
| Days. 
G5 Ve) O51 2) Ly RR Fa i ee Ee aan ee ene ee aaa 3 | European foulbrood produced. 


5 | No disease produced. 
Neptor OlO.2ot oso Sebel Bee Da ae eee 8 ee 7 
S72) 9 eC atl 42 5 1a eae eet care pee re ah Sey eee ae Se eee BIB 8 
7. SVL A 1 ee Oe oe ly ee a UR Me Soa RB 10 Do. 
GUNG SO: IOIG ao oe oie cee BS Bae ela aia RI hel ns peas ng 15 
Tahy bigs: 2 The Se eee a EL ci | 15 ; 
Aug. 24, 1915._..... Sas Dipai a Seow tee ise 2 Te Jee 24 | Do. 


TABIE X.—Bacillus pluton in a 10 per cent sugar solution fermenting at room 


temperature 
Period of 
Date ofinoculation. fermen- Results of inoculation. 
: tation 
Days. 

ane SU OIG. 2 Sap ee ap ee ein ee GR fee 9 | European foulbrood produced. 
FURY LC IO a aoe as ge nasa ah a aes aca ne ce 10 Do. 
Sepiss WOtp: ar as eee eee sae ca ee Se ec ees 10 Do. 
eb y Ziel GIGS e or eee ee ae ae Se a en ee | 14 Do. 
VEEN a Dis EON Ge eee sent a a a ee eae See 16 Do. 
Heeb ys Sik Ol GSS Sere es ee Se re ea ee | 17 Do. 
Sept Os 1OlG sine 22s sas eee ah a ee ee eee ae eee 11 | No disease produced. 
FUER DEG IGS eS Eo REESE SRG = ASAE aha a eRe | 14 Do. 
IA OS ON Giese Ai ere ae re or aan hie ae era | 21 Do. 
Anca IGl gree eas sh cere eye Je ASE St osc eS | 27 Do. 
Bs 3 Tee Be EY ape ee pel eae emp Raes  eaeee en Ae eee ee 32 Do. 
AEE 25 SIDES F595 Se a a saa Sea eee ee ee 4a Do. 


The experimental results contained in Tables TX and X show that 
Bacillus pluton is destroyed in a fermenting solution. At incubator 
temperature the virus was destroyed in from 3 to 5 days, and at room 
temperature it was killed in from 11 to 21 days. 

Similar experiments were made in which suspensions in 20 per 
cent honey solutions were allowed to ferment at outdoor temperature. 
The records obtained show that Bacillus pluton in this environment 
was still alive and virnlent after one month. 


RESISTANCE OF BACILLUS PLUTON TO PUTREFACTION 


Suspensions of the contents of stomachs from larve sick or dead 
of European foulbrood were made in a 1 per cent peptone solution. 
Soil was added to inoculate it further. Putrefactive changes were 
allowed to take place at incubator and room temperatures, respec- 
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tively. In Tables XI and XII. which follow. are summarized the 
experiments performed: 


TABLE XI.—Bacillus pluton in the presence of putrefactive processes at incubator 


temperature 
Period of 
Date ofinoculation. putre- Results of inoculation. 
| faction. 
Days. 

MAM ORDO OIG en soe oa nite ote isa telela bats Sao Mane cle's 9 | European foulbrood produced. 
Sept. 2, 1916.....-.--- noaecrogeueEr Sausee soos sosubSeseemnes 7 | No disease produced. 

INE IB ee Ree Se eo SSG aA osc aes oeors Saertomesoered 8 Do. 

Sys ie OIE Oke beeeae ooudoc eee comecserore asato 7oeSUEDne 13a ase DO: 

AOU a NOT eA AIS SA Set oe oar esate Sam Nees See se 15 Do. 

Sept. 10, 1915..... otal i ed AR at a Das Soe A LS ia 16 Do. 

Tubes WIG oe OS ook bbesete as So bebeos SosoeenosssuseuanasdsAde | 18 Do. 

JN (ys BV MI Shee 5 eGe> a6 eddie os sesoddedecu dae coseodeceosece | 19 Do. 

BNE OA PLO ie eres ee Nate apie Naas 3 8 Nese ayia Recor ata iat 26 Do. 


TasLeE XII.—Bacillus pluton in the presence of putrefactive processes at room 


temperature 
Period of 
Date ofinoculation. ae Results of inoculation. 
ion. 
Days 
2 Ue EM Eh eS ae adocpcadanccoanc eH seer ene oradad aoce 8 | European foulbrood produced. 
ulya le lOl sete nr cans Prac aaat ove ee ee fener eee 10 Do. 
VIKA eee oe Ce Sse RR eee atieaco iG ser oo Ses oo ona Ese Reon 14 Do. 
AE re GA MS ah ste) Sek iE pe ares a le a Pe 16 Do. 
WRI OE Ee es a bebe SE oa Succes Cae Seas Sense nh Seer 18 Do. 
Sop tee qlOla ae setae sonia ete a ole ee teke ei Meiaes wae wee BEE wmee 18 Do. 
INTER OB Oy See Os Re hae Ae ea dbe oie OoSSoe eS ansoee aa 18 Do. 
Sey O Ror WING) are ea a ee ee Se ose needs 26 Do. 
PICS SLO Wo nse ee oc n apelena)s comes as eens faae.ces 27 Do. 
INTTSR IS LONG ee eee tts ee cla Noes Rae Senecio Ue ple alee cise einleloe 21 | No disease produced. 

ST Hy TRIES ee SOR ee eB eee Se aot ae Soe ees GegSaa- esupone 35 | Do. 
SEOs HO Ne Soe won Choo otenedabsedd SoouscneoeseuesedeeeeRar 51 | Do. 
HATA SEP LOU He cieteier =P stnete Brae ctia ere aiste ee cic[ats e/a oe eters Ces ea 52 | Do. 


As shown by Tables XI and XII Bacillus pluton is destroyed in 
the presence of putrefactive processes. At incubator temperature 
it resisted the effects of these processes for from 7 to 13 days and 
at room temperature for from 21 to 35 days. 

During August and September, 1916, preliminary experiments 
were made testing the resistance of Bacillus pluton to putrefaction 
at outdoor temperature. The parasite was alive and virulent after 
40 days. The maximum period during which it will remain so has 
not been determined. 


VIABILITY OF BACILLUS PLUTON IN HONEY 


Honey suspensions of Bacillus pluton from the stomach contents 
of larvee sick or recently dead of European foulbrood were made and 
distributed in flasks each containing about 300 c. c. These were 
allowed to stand at room temperature shielded from the light. At 
intervals thereafter colonies free from the disease were inoculated 
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each with the contents of a single flask. A summary of the experi- 
ments is contained in Table XIII: 


TABLE XIII.—Resistance of Bacillus pluton in honey at room temperature 


Date ofinoculation. | Periodin honey. Results of inoculation. 


| Months. | Days. 


1, AO ie C54 ae eee a eer Ree Nhe (ARM Sea 4/E , 
ee iss ee Oe eae | on pee foulbrood produced. 
SEER Do EGE ee ee SS 1 6 Do. 

TP URETS ren EE ee eas Ae Bigs Oey Ln, Voy eee | 1 11 Do. 

IS 2S AGL PRE PRE ON Ras oo eee 1 15 Do. 

Rugs, 19 2 esky SA ee eel 1 17 | Do. 

Prrby Lo AO sae ee en ee De Clea 1 25 | Do 

1g) (eral 1 Se PUR On ata Oem Oe BD YF 2 7 | Do. 

Sept lO 10th 25 oo ee es | 2 25 | Do. 

Aug. ee PO Ie Pe Oe as RR fey, OSES = SD 3 0 | Do. 

May (91916. oe aoe ee Re eee eee 7 0 | No disease produ 

Msi ya 1G fas uc Se ae see ae ee a 7 17 | Do. aes oad 

than Ope Ot 5 ose ew SL ee. ee 8 0 Do. 

USES Syd C1 Pea a ee a PF aa i ah 8 0 Do. 

eyed pO ps nots ate Sok chet Bb Se mer ba Oe pen 8 25 Do. 

Ney 12c19iy 52 TORS eA ae Se 8 26 Do. 

pS Foes See aS ee ee oe ee eee 9 5 Do. 

icp RISE eee oe ek ge eee 9 5 Do. 

w 11 Sse (2 (0 ee a cae ee ok Rd 9 11 Do. 

Mea byt ONG one rk pot oes rea Pace 10 6 | Do. 


Experimental evidence recorded in Table XIII shows that the 
virus of European foulbrood when suspended in honey at room tem- 
perature ceased to be virulent in from 3 to 7 months. 


VIABILITY OF BACILLUS PLUTON IN POLLEN 


Preliminary experiments were made to determine the viability of 
Bacillus pluton in pollen. Pollen is removed from brood-comb, and 
an aqueous suspension of the organism obtained from the stomachs 
of larve sick or recently dead of the disease is added to it until a 
moderately thick, pastelike mass is obtained. This is distributed in 
Petri dishes and allowed to stand at room and refrigerator tempera- 
tures, respectively. After different intervals of time the contents of 
a single dish, after being suspended in water, are added to about 
300 c. c. of sirup and the suspension is fed to a colony, using the 
indirect method. The results show that Bacillus pluton was viru- 
lent after 7 months at room temperature and for more than 10 
months in the refrigerator. The maximum period during which the 
organism will remain alive in these two environments has not been 
determined. 


RESISTANCE OF BACILLUS PLUTON TO CARBOLIC ACID 


Preliminary experiments were made to determine the effect of 
carbolic acid on the virus of European foulbrood. An aqueous sus- 
pension of the contents of the stomachs of larve sick or dead of the 
disease is first made. A measured quantity of this suspension is 
added to an equal quantity of an aqueous suspension of carbolic acid 
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of a strength twice that desired in the experiment. After shaking, 
it is allowed to stand at room temperature. At intervals brood free 
from the disease is fed a bit of this suspension, using the direct 
method. Table XIV summarizes the experiments performed: 


TABLE XIV.—Effect of carbolic acid on Bacillus pluton 


Strength Period 
Date of inoculation. of sus- Results of inoculation. 
titer pension. 


Per cent.| Days. 
Al 


wico 


Buropean foulbrood produced. 
0. 


2 

Aug. 5 STOLE Leek ARAN eR a gE 71a kN 4 1 

uly Se AQIS ie ee kee Leer NA hal Sal BN i 4 Do. 

INT LONE TONE Rn ESM BAA Cs ATI eA eB eh 3 8 Do. 

SOD task ea ee aie le Ces meu yee atone sicisese clara 5 $ 18 | No disease produced. 

SUMO SZO PLOT ates ey ae bee ererars coe Sie Aiea tay ertral rm aie atslo raja 1 15 | European foulbrood produced. 
WK AG} URN SAN EMO Se LN SW ee Me ee Rene anes 1 4 | No disease produced. 
CBD OVS HAAS ae se os ee ca ASS i ne 2 15 Do. 

FAIS PY IE eae ee ee ee CO Abe ce sepa saa 2 118 Do. 

UNTER TCO TGS Sa VA ER loa At 27 gia 2 1 Do. 

TTP, TIPU Ra pa ote See nei ana ee | 2 2 4 Do. 

AED ZO LOU lore tatenet Waar nfo im caine s mero lero alae ovata iarare 2 4 Do. 

INO FRO PALA OC Rca a Dae pelea ee Oe 5 Sa 2 9 Do. 

JUNE ZIALG Se eis Meee Boe Sees Se aire ence 4 154 Do. 


The experiments outlined in Table XIV show that Bacillus pluton 
withstood a one-half per cent solution of carbolic acid for 8 days 
but not for 18 days; that it withstood 1 per cent for 5 hours but 
not for 4 days; and that it was destroyed by 2 and 4 per cent solu- 
tions, respectively, in less than 6 hours. Probably it is destroyed 
by these latter strengths in considerably less time than this. 

It is seen by these preliminary experiments that Bacillus pluton 
is destroyed easily by carbolic acid as a disinfectant. As a drug, 
however, less can be expected of it, inasmuch as a strength twice 
that which the bees will accept in honey (Table XV) requires days 
to destroy the germ. While the fact does not furnish conclusive 
proof of the value of carbolic acid as a drug, it indicates what 
might be expected of it in the treatment of the disease. 

In using the results recorded on the foregoing pages for the 
purpose of destroying the virus of European foulbrood and con- 
trolling the disease in practical apiculture, it must be borne in 
mind, as has been urged in the discussions on the other bee diseases, 
that due allowance must be made by the beekeeper for variations 
which always occur. These, however, are relatively slight and can 
be met readily. In the destruction of the virus through heating, 
for example, the temperature can be raised a few degrees above that 
which is found to be the minimum required, or the time can be 
extended somewhat. Similarly for the other destructive agencies 
the effectiveness of the process can be increased. 
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Preliminary experiments have been made to obtain data relative 
to the effect of drugs on Bacillus pluton. In conducting the experi- 
ments a suspension of the stomach contents of larvee sick or recently 
dead of European foulbrood is made in an aqueous solution of the drug. 
This is added to diluted honey and healthy brood is fed this sus- 
pension. In some instances the direct and in others the indirect 
method was followed. In Table XV are summarized the experiments 
which were performed: 


TABLE XV.—The effect of drugs on EHuropean foulbrood 


Date of experiment. Drugs. Strength. Results of inoculation. 
1916 
Dis liver eet = a= Aaa = See Betanaphtholess222--- 2s se-e- ee 1:2000 
Ny BASS Soon son ceacoanes) cance OE Siggeintgs oc consduae soSse¢ 1:1000 
d [iba Ves (Shes Sener rere 0 (Ne See eS be co seme Eeneease 2:1000 
dimli7a Uber Se nee Be Ree Carboliclacid= =. 4224-2 =.= 25 -eee- ig 

JUNE Zoos ease see eee do Sis EOOOdE San 5eSeecdsecded 1:1000 
Oaneueses cesdeseoe Benen hes Sono dodbecseocuoauaooes 2:1000 
May toltss amr ccr es ee Oil of eucalyptuSss-os--22-2—es-= 4:1000 
July lees eek cece cel eeeee Gls Soa eeecusoSusoon cde sHeES 4:1000 
UUM ON ae Sone cere Sees MOLMMCG A CIOs eee saee ee eee eer 1:1000 

Duilyoul ee eit ee ee ae o4|- ase Wtigas Sah Seen ssoceeeenssSsse- 3:1000 |?European foulbrood produced. 
DOS 82 sce pe eS cea oa Salicylicacid® 222-4 2 te a 1:2000 
IM ye Se Acie eyo sees errata DOS eee tee cane eee ae 1:1000 
UMNO Ta S BS oho niste oe nays ore GOs Sas Sees eee hee 2:1000 
tb sil by i ie a in rae ee at Salolisccss sateen eee ee eee 1:2000 
Mayisle cts eee EE Sela Go. Be tee eee a 1:1000 
JUNC Ht Seamer see seme leat GOre th sees tie ee eee 2:1000 
Guily lee eye ceet aoe Quinine seca eat sae 2:1000 
Mia yeoliye seen sae ee Sac eee GOB eee ee eee 4:1000 
WU /She ShoE See habe Benen I6 eee 0 ee SHOR RNBSS cele AME cee ame 10:1000 


It will be observed from Table XV that European foulbrood was 
produced in all cases in which larve were fed a suspension of 
Bacillus pluton in sirup medicated with betanaphthol, carboiie acid, 
eucalyptus, formic acid, salicylic acid, salol, and quinin (bisulphate 
of quinin), respectively, in the proportions noted. 

The strongest solutions of the drugs used in the experiments are 
in most instances approximately the maximum proportion of the 
chemical in honey that will be taken by the bees. These prelimi- 
nary results indicate that drugs should not be depended upon, for 
the present at least, in the treatment of European foulbrood, and 
emphasize the fact that beekeepers should make sure that the value 
of a drug has been demonstrated fully before it is used. 


TRANSMISSION OF EUROPEAN FOULBROOD 


While there is yet much to be learned concerning the transmission 
of European foulbrood, the data at hand relative to this important 
phase in the study of the disease justify certain statements in regard 
to it. The disease can be produced experimentally by feeding a 
healthy colony the crushed larvee sick or dead of the disease, sug- 
gesting that infection takes place by way of the alimentary tract. 
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Through the study of microtome sections of such larve, it has been 
conclusively proved that infection takes place in this way. The fact 
is naturally one of special moment in the solution of the transmission 
of the disease. There is a tendency on the part of adult bees to 
remove sick and dead larve from the brood comb. This is done 
largely at least in a piecemeal manner. Were the fate of the frag- 
ments removed known definitely the solution of the problem natu- 
rally would be aided greatly. 

If infective material thus removed were fed to susceptible 
healthy larvae, disease would result. On the other hand should the 
fragments of diseased larvee be stored with the honey of the hive 
or with the pollen, or consumed by the adult bees, or by larvee 
later in the feeding stage, the chances that such material would 
ever reach susceptible larvee to cause infection are very much re- 
duced. Stored in honey the virus remains virulent only’ a few 
months (p. 24); in pollen, however, it remains virulent much longer 
(p. 24). Drying within the hive Bacillus pluton would probably 
remain alive more than a year (p. 19). 

The chances that any portion of the infectious material of any 
given fragment, if it is removed entirely from the hive by the bees 
of the colony, and released from them, will be taken up by other 
bees and carried to healthy brood and cause infection are compara- 
tively shght. If thus removed and exposed to the direct rays of 
the sun, the virus will be destroyed within a few hours (p. 19); 
or if subjected to fermentative or putrefactive processes it will be 
destroyed in a few weeks (p. 23). If Bacillus pluton is present in 
honey extracted from diseased colonies it will be destroyed within 
a few months while in storage (p. 24). It is seen, therefore, that in 
nature there are many means that destroy the virus of European 
foulbrood and thus limit the spread of the disease. 

All of the colonies of the experimental apiary used in making the 
inoculations cited in the present paper had free access to the fields 
and there was no evidence at any time of the transmission of the 
disease from infected to healthy colonies. This fact supports the 
conclusion that the disease is not spread by way of flowers visited 
by bees from healthy colonies which had been visited previously by 
bees from diseased ones. The fact further indicates that if the dis- 
ease is transmitted at all by way of the water supply of the bees, it 
takes place to a limited extent only. The fact still further indicates 
that if drones or straying or drifting workers transmit European 
foulbrood they do so to a slight extent only. If these observations 
are at variance with the experience of the practical beekeepers, 
as the writer has been informed that they are, they will probably be 
of particular interest. 
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Observations made during the present studies indicate that queens 
from European foulbrood colonies are not likely to transmit the 
disease when introduced into healthy colonies. The experiences fur- 
ther show, and the facts in general regarding the disease support the 
conclusions, that the infection will not be transmitted by the hands 
or clothing of the beekeeper, or by visitors to the apiary when the 
manipulations ordinarily practiced are followed. Tools and equip- 
ment used about the apiary are not to be feared unless they supply a 
source for robbing. Hives which have housed infected colonies are 
not likely to be a medium for the spread of the disease. 

Robbing of infected colonies is the most fruitful source of infec- 
tion. A colony weakened by disease (p. 5) becomes a prey for other 
bees. Infectious material is carried to other colonies, thereby trans- 
mitting the infection. Manipulations in the apiary, whereby brood 
combs from diseased colonies are placed in healthy ones, are another 
fruitful source for the transmission of the disease. Preliminary 
work? indicates that stored brood combs from European foulbrood 
colonies may transmit the disease after a considerable period. 

The disease, it would seem, might be spread through the medium 
of honey from infected colonies. The danger from this source, how- 
ever, probably has been overestimated at times (p. 23). That pollen 
stored in the comb would serve as a protection to Bacillus pluton, if 
the parasite were lodged with it, has been determined (p. 24). 


DIAGNOSIS 


The diagnosis of European foulbrood offers more difficulty than 
does that of either American foulbrood or sacbrood. It can usually 
be made, however, from the symptoms alone. Inasmuch as these 
symptoms (p. 4) are rather varied, much care should be exercised in 
ciagnosing the disease. 

The appearance of the adult bees does not aid in the diagnosis. 
A weak colony should arouse suspicion. Increased suspicion is jus- 
tified when no other readily discernible cause for the weakness is to 
be observed. The disease may be present, however, in a strong colony. 
Such a case may be one of recent infection or one which late in the 
recovery from the disease has gained in strength. It may be, how- 
ever, a colony which has suffered only a slight attack of the disease. 

The following outstanding gross characters are often sufficient for 
a diagnosis: The dying of the brood before the time for capping (Pls. 

1 Brood combs were removed from European foulbrood colonies in October, 1914, and 
stored in the laboratory. In May, 1915, one frame of brood comb was placed in each of 
two colonies with the result that European foulbrood was produced in both instances. 
When a frame of the comb was placed in the colony in May, 1916, no disease resulted. 
After 6 months the combs were still able to transmit the disease; after 18 months they 


did not. These experiments are not sufficient to justify definite conclusions but are 
suggestive. 
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TI, III, IV), the yellow hue of the larve more recently dead, and 
the brown shade of those longer dead, the irregularity of the brood 
(Pl. I), and the absence of a disagreeable odor. 

Not infrequently, however, the diagnosis is not so simple. During 
recovery from the disease scales (Pl. V, F, 1) of larve dying in 
capped cells may be the only remains of diseased brood to be found, 
all of the younger larve having been removed by the bees. These 
scales! are, as a rule, comparatively few in number and resemble 
somwhat those of American foulbrood, but would rarely be mistaken 
for those of sacbrood. In these cases a diagnosis can be made fre- 
quently by a microscopic examination alone. Cultures, however, are 
needed in some instances. 

Special attention is needed in cases of early infection and in other 
instances where only a small amount of diseased brood in uncapped 
cells is present (Pl. I, A). The symptoms manifested by larve sick 
or only recently dead of the disease furnish often the readiest and 
most conclusive evidence of the presence of the disease. Larve of 
the age at which they comfortably fill the bottom of the cell exhibit- 
ing increased peristalsis-like movements of the body suggest European 
foulbrood. Increased transparency of larve of this age (Pl. II, B) 
is also suggestive. The presence of a white or yellowish-white mass 
within the stomach (midgut) as seen through the dorsal median line 
of the body is strong evidence of the presence of the disease. If 
on puncturing the body of larve nearly dead or only recently dead the 
contents of the stomach flows out as a fluid and more or less finely 
granular mass, the fact furnishes further evidence of European foul- 
brood. 

A symptom which is pathognomonic of the disease is to be seen in 
larve that have been infected somewhat more than two days, but 
wherein the disease has not reached an advanced stage. The test 
(15) involves the removal of the stomach contents, which con- 
sist of a bacterial mass, together with a small amount of larval food 
and a clear envelope (PI. VIII, a, b,c). The slight tension necessary 
to remove the contents stretches the envelope and breaks the whitish 
bacterial mass into a number of fragments. 


1 The number of larve that die of European foulbrood in capped cells after assuming 
the endwise position represents a very small percentage of the brood that dies of the 
disease. These remains may be found in practically all colonies in which the disease has 
been present for a sufficiently long period and in which a considerable amount of dead 
brood has resulted. Before becoming dry they are somewhat viscid and are less easily 
removed than are those of larve dying at an earlier age. These and the scales resulting 
from them are used in diagnosis principally (1) when the younger larve sick or dead of 
the disease have been removed, (2) when a demonstration of the presence of Bacillus alvei 
is desired, and (3) when both European foulbrood and American foulbrood infection is 
suspected. Such a double infection has been encountered in the writer’s experience very 
rarely. In making diagnoses, therefore, after European foulbrood has been found in 
the sample American foulbrogd is seldom looked for. 
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By one or more of these colony symptoms manifested by larvee 
sick or only recently dead of the disease the experienced can diagnose 
European foulbrood definitely without a microscopic examination. 
The methods not only give definite results, but are also easy of 
application. They have been indispensable in much of the writer’s 
experimental work and it is believed that the beekeeper will find 
them to be valuable in practical apiculture where other gross meth- 
ods fail. 


BACTERIOLOGICAL EXAMINATION 


The findings from microscopic examinations and from cultures 
have been set forth in an earlier publication (10). These are always 
adequate for a definite diagnosis when a suitable sample is at hand. 
Bacillus alvei (p. 11) (fig. 2; Pl. VII, D, F) frequently overshadows 
all other species. In larve sick of the disease Bacillus pluton (PI. 
VII, A, B) overshadows all others. With experience one learns to 
recognize this species in stained preparations. The individuals are 
seen frequently in groups. They are more or less lancet shaped, and 
a variation, in size is often sufficient to be noticeable (fig. 1)... In 
larvee nearly dead and in those only recently dead Bactertwm eurydice 
(p. 18) (fig. 4; Pl. VII, C) is frequently encountered. Streptococ- 
cus apis (p. 12) (fig. 3; Pl. VII, E) occurs in a small number of 
cases. Bacillus orpheus (p. 14) (fig. 5; Pl. VII, H), B. vulgatus, 
and B. mesentericus are occasionally encountered. While B. pluton 
is present in all cases of European foulbrood, not infrequently in 
routine examinations it is so masked by the secondary invaders that 
the microscopic examination fails to reveal it. In many cases B. 
alvei and B. orpheus are recognized microscopically. Cultures are 
necessary for the differentiation of B. vulgatus and B. mesentericus. 
In many cases cultures are needed to differentiate Strep. apis and 
B. pluton. Strep. apis grows on the ordinary media, B. pluton 
does not. 

DIFFERENTIAL DIAGNOSIS 


AMERICAN FOULBROOD 


American foulbrood is recognized by the death of larve in capped 
cells and of pupe soon after transformation, the viscidity of the decay- 
ing remains of the brood, and, the “ foulbrood” odor which is fre- 
quently present. The presence of the spores of Bacillus carvae in 
large numbers and the absence of other species is conclusive proof 
of American foulbrood. 

1 Smears made from larve sick of European foulbrood and quite early in the course of 
the disease were selected in making a study of the morphology of B. pluton. These were 
stained with iron hematoxylin. In smears made from dead larve and stained with carbol 


fuchsin, as is usually done, the pointed ends and the more or less rod- -shaped forms are 
fess prominent than illustrated in figure 1, 
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SACBROOD 


Sacbrood is recognized by the death of larve after capping, by the 
saclike appearance, the watery granular consistency of the larval 
remains, and the absence of viscidity. The absence of microorgan- 
isms characterizes the microscopic picture in sacbrood. 


OTHER CONDITIONS 


Conditions referred to as chilled brood, overheated brood, and 
starved brood must be differentiated from European foulbrood. This 
can usually be done with little difficulty by a comparison of the symp- 
toms present with those of European foulbrood. The history of 
the case is of much value. Brood dying after being removed from 
the hive and before examination is made shows often an interest- 
ing similarity to European foulbrood. B. alvei and B. pluton are not 
found in these conditions. The absence of bacteria, or their presence 
in small numbers only, and a lack of uniformity of the species when 
present, characterize the bacteriological findings in these cases. 


PROGNOSIS 


There is no uniformity in the prognosis in European foulbrood. 
The diseased colony may recover completely from the infection, suf- 
fering only a slight loss in strength as a result of it; the colony may 
recover but sustain considerable loss; or it may die out entirely, as a 
result of the disease. The infection may spread only slightly to other 
colonies of the apiary or the entire apiary may become infected. The 
losses sustained vary from slight to total. The tendency for Euro- 
pean foulbrood to disappear is greater after midsummer than before. 

Whether a larva once infected ever recovers from this disease is 
not known, but the evidence at hand indicates that it may. This 
seems to be especially probable when the infection takes place during 
the latter part of the feeding period of the larva. Queen larve are 
susceptible to infection, but sufficient data are wanting from which 
to estimate the extent to which queenlessness may result from the 
disease. In experimental colonies queens have been reared in the 
presence of a considerable amount of European foulbrood infection. 

The prognosis for the colony in the case of European foulbrood 
may be said, therefore, to vary from very good to very grave, many 
recovering entirely from the infection without treatment and without 
appreciable losses, while others rapidly decline and finally die out. 


SUMMARY AND CONCLUSIONS 


The following is a brief summary of facts regarding European 
foulbrood, together with some conclusions based upon them: 
1. European foulbrood is an infectious brood disease of bees caused 
by Bacillus pluton. 
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All larvee-——worker, drone, and’ queen—are susceptible to the dis- 
ease; adult bees are not. 


. Man evidently is not susceptible to infection with Bacillus pluton 


nor are the experimental animals. 


. As far as is known insects other than bees are not susceptible. 
. Brood can be infected by feeding the colony a suspension of 


crushed larve sick or dead of the disease. This is described in 
the present paper as the indirect method. 


. The virus contained in a single larva recently dead of European 


foulbrood will produce a considerable amount of disease when 
fed to a colony. 


. The larve can be infected also by a more direct method. A 


fraction of a drop of a suspension of the stomach contents of 
a larva sick of the disease added with a capillary pipette 
directly to the food surrounding the larva to be inoculated 
will result in infection. 


. Bacillus pluton gains entrance to the larva by way of the mouth. 


The growth and multiplication of the parasite take place 
within the stomach (mid-intestine) of the larva and do not, 
during the life of the larva, get beyond the peritrophic mem- 
brane. The tissues, therefore, are not invaded by it. 


. The secondary invaders in European foulbrood, Bacillus alvei, 


Streptococcus apis, Bacterium eurydice, and. Bacillus orpheus, 
rarely, if ever, invade the tissues until the larva is dead or 
nearly so. In a few instances in microtome sections rod forms 
have been encountered in the act of invading the tissues of 
living larve. The species, however, was not determined defi- 
nitely. 

The period of incubation is slightly less than 3 days. 

Brood is susceptible to infection at all seasons of the year. 

More brood die of the disease during the first half of the brood- 
rearing season than during the second half. 

The writer has examined samples of the disease from Canada 
and the United States. From written reports it seems quite 
certain that it occurs also at least in Denmark, England, Ger- 
many, France, and Switzerland. 

Occurring as it does in this somewhat wide range of climatic 
conditions, the presence of the disease in any particular locality 
can not be attributed entirely to the prevailing climatic con- 
ditions. 

The quality of food obtained by the bees does not affect greatly, 
if at all, the course of the disease in the colony, although the 
quantity may affect it to a variable extent. 
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Experimental colonies may be inoculated and kept in the apiary 
without transmitting the disease to others. This fact is of 
special importance, not only in connection with the technique 
of making studies on the disease, but also in the control of the 
malady. 

The thermal death point of Bacillus pluton suspended in water 
is approximately 63° C. maintained for 10 minutes. 

When suspended in honey Bacillus pluton is destroyed in 10 
minutes at approximately 79° C. 

Drying at room or incubator temperature Bacillus pluton re- 
mains alive and virulent for approximately one year. 

When dry, Bacillus pluton resisted the direct rays of the sun for 
from 21 to 31 hours. 

When suspended in water Bacillus pluton was destroyed by the 
direct rays of the sun in from 5 to 6 hours. 

When suspended in honey and exposed to the direct rays of the 
sun Bacillus pluton was destroyed in from 3 to 4 hours. 

In the presence of fermentative processes in a 10 per cent sugar 
solution Bacillus pluton was destroyed in from 3 to 5 days at 
incubator temperature and in from 11 to 21 days at room 
temperature. 

In a fermenting honey solution outdoors Bacillus pluton was 
still alive and virulent after one month. 


. In the presence of putrefactive processes at incubator tempera- 


ture Bacillus pluton was destroyed in from 7 to 13 days and at 
room temperature in from 21 to 35 days. 

In a putrefying medium at outdoor temperature Bacillus pluton 
remained alive and virulent for more than 40 days. The maxi- 
mum period has not been determined. 

In honey at room temperature Bacillus pluton ceased to be viru- 
lent in from 3 to 7 months. 

Mixed with pollen, Bacillus pluton remained alive and virulent 
for more than 7 months at room temperature and more than 
10 months at refrigerator temperature, the maximum time not 
being determined. 

In one-half per cent carbolic acid solution Bacillus pluton was 
destroyed in from 8 to 18 days; in 1 per cent it was destroyed in 
from 5 hours to 4 days, and in 2 and 4 per cent in less than 
6 hours. The probability is that at these higher strengths of 
the solution minutes rather than hours are sufficient for the 
destruction of the virus. | 

Experimental evidence indicates that at the present time drugs 


should not be depended upon in the treatment of European 
foulbrood. 
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Robbing from diseased colonies of the apiary or from neigh- 
boring apiaries is the most likely manner in which European 
foulbr ood is transmitted in nature. 

Brood-combs containing diseased brood, if given to a healthy 
colony, serve as a median for the transmission of the disease. 


. European foulbrood is not likely to be transmitted by queens or 


drones. Whether they ever do so has not been demonstrated. 

As a rule a hive which has housed a European foulbrood colony 
should not be considered as a fruitful source of infection. The 
facts indicate that often such hives could be used with im- 
punity for housing colonies without treatment. Flaming 
them inside certainly removes all danger. 


. The transmission of European foulbrood by way of flowers, 


visited by bees from diseased colonies and subsequently by 
those from healthy ones, is not to be considered as a likely 
source of infection. Whether the water supply is ever a source 
of danger is not known. It is evidently not a fruitful source. 

The disease is not likely to be transmitted through the medium of 
the clothing or hands of the apiarist. 

Tools and bee supplies in general do not serve as means for the 
transmission of the disease in the absence of robbing from such 
sources. 

It is usually possible to diagnose European foulbrood from the 
symptoms alone. A definite diagnosis can be made from suit- 
able samples by bacteriological methods. 

The prognosis in European foulbrood varies from very good to 
exceedingly grave. The tendency for a colony to recover en- 
tirely from the disease is much greater than in American 
foulbrood. 

Considered from the technical point of view, much is yet to = 
learned concerning European foulbrood. For practical pur- 
poses, however, it can be said that sufficient knowledge has 
been gained to make it possible for the beekeeper to devise a 
treatment which will be logical, efficient, and at the same time 
economical. 
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EXPLANATION OF PLATES 


PLATE I 


Brood-combs containing larve that are sick and others that are dead of Euro- 
pean foulbrood, showing the irregular appearance of the brood. About one-half 
natural size. 

A.—The dead larve have all been removed. Some of the remaining larve 
are sick, others are not infected. The disease was produced by experimental 
inoculation. 

B.—Many of the dead larve have not been removed. The comb had been 
out of the colony for a considerable period. The larvz that are quite young 
showing abnormal position and appearance are not sick or dead of European 
foulbrood, but are so as a result of the comb being away from the colony. 
Disease was produced by experimental inoculation. 

C.—The comb was taken from a colony in which the disease had appeared 
in nature and not as the result of artificial inoculation. Before being photo- 
graphed the brood-comb had been out of the hive for a few days. Aside from 
the larve which are dead of European foulbrood, other larve present are dead 
from lack of attention by adult bees—starvation, exposure, and other causes. 


PLATE II 


A.—Live larva showing first symptoms of European foulbrood. The tur- 
gidity is slightly less than in a healthy larva (D). 

B.—Live larva showing early symptoms of European foulbrood. The body 
is more transparent than that of a healthy larva (D). Small opaque areas give 
it a punctate appearance. 

C.—Larva dead of European foulbrood contained within a chitinous envelope 
filled with a watery-appearing fluid. 

D.—Healthy larva of the earliest age at which larve die of European foul- 
brood. Turgidity marked. 

E.—European foulbrood larva which may or may not be dead. Surface less 
glistening than in healthy larve. Marked turgidity lost. Prominence of tracheze 
not increased. 

F.—Scale formed by .drying of larve dead at early age. Prominence of 
trachez marked. 

G.—View of healthy larva in normal position with roof of cell removed. 
Larva turgid. Surface glistening. 

H.—Larva sick with European foulbrood. Lack of turgidity and increased 
prominence of trachez observed. 

I.—European foulbrood larva which may or may not be dead. Less turgidity, 
a relative dullness in the surface appearance, and punctate condition present. 
Similar to E. 

PLATE IIT 


A.—Healthy larva immediately preceding the age at which the capping of the 
cell is done. Dorsal surface turned toward the observer. The narrow trans- 
parent area along the dorsal median line is prominent. 

B.—Larva dead of European foulbrood of the same age as A. The turgidity, 
glistening surface, and transparent area are less marked. 

C.—Larva dead of Huropean foulbrood partly coiled and partly endwise in 
cell. 
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D.—Healthy larva near the age at which capping takes place. 

E.—Dorsolateral view of a larva dead of European foulbrood. The ends are 
directed toward the bottom of the cell. 

F.—Larva dead of European foulbrood. The body occupies a spiral position 
in the cell. 

G.—Healthy larva approaching the age at which capping takes place. 

H.—Lateral view of larva dead of European foulbrood seen with the roof of 
the cell removed. The ends are directed toward the bottom and the dorsal 
surface toward the mouth of the cell. 

I.— Dead larva similar to H but having been dead somewhat longer. 


PLATE IV 


A-—Young larva dead of European foulbrood. The chitinous capsule and 
tracheze are prominent. 

B.—Fragments of young larva dead of European foulbrood, a portion having 
been removed by adult bees after its death. 

C.—Lateral view of larva dead of European foulbrood, the roof of the cell 
having been removed. The ends in this instance are directed more or less to- 
ward the mouth of the cell. 

D.—Lateroventral view of larva dead of European foulbrood. The body lies 
with the dorsal portion against the floor of the cell. 

E.—Larva dead of European foulbrood lying on the floor of the cell in some- 
what lengthwise position. 

F.—Scale of European foulbrood larva which had occupied a somewhat spiral 
position in the cell. 

G.—Scale of a European foulbrood larva which had occupied a position some- 
what as shown in D. This scale and the one shown in F can be removed intact 
rather easily and without tearing the wall of the cell. 


PLATE V 


Larve (prepupe) of bees dead of European foulbrood which had already 
assumed before death a lengthwise position in the cell. 

A.—Fragment of European foulbrood soon after death. A portion of the 
larva has been removed by the adult bee. 

B.—Entire cap of cell containing larva dead of European foulbrood. 

C.—Punctured cap of cell containing the remains of a larva dead of Euro- 
pean foulbrood. 

D.—End view of larva dead of European foulbrood. 

E—End view of larva dead of European foulbrood, lying with its dorsal 
surface against the floor of the cell. Considerable drying of the remains has 
taken place. 

F.—End view of scale of European foulbrood larva which had reached be- 
fore death the age at which the endwise position in the cell is assumed. 

G.—Ventral view of European foulbrood larva. Stage similar to D. Turgid- 
ity is lost to a large extent and the segmented markings are less distinct than 
in healthy larve. 

H.—Larva which has been dead of European foulbrood for a longer period 
than illustrated in G. The ridge and furrows indicating the segments of the 
body are not marked. 

I.—Seale of European foulbrood similar to F. The larva before death had 
reached the endwise position in the cell. These scales resemble very much 
those of American foulbrood. They are more easily removed, however, do 
not adhere so closely to the floor of the cell, and are more rubberlike in con- 
sistency, breaking less readily than those of American foulbrood. 
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PLATE VI 


A view of the experimental apiary of 54 colonies in which the inoculation ex- 
periments made during the summer of 1915 were conducted. 


PLATE VII 


Photomicrographs illustrating the more commonly encountered bacteria 
in European foulbrood. 

A.—Bacillus pluton: A smear from the stomach of a larva sick with Euro- 
pean foulbrood. Note the paired forms and short chains. These forms are 
numerous in a recent infection, suggesting the organism in the process of mul- 
tiplication. The lancet-shaped form is by far the predominant one in all later 
stages of the disease. X 1000. 

B.—Bacillus pluton: A smear from a larva quite recently infected. The 
multiplying paired forms are at this stage present almost exclusively. X 1000. 

C.—Bacterium eurydice: Stained preparation from a pure culture on the 
surface of agar. X 1000. 

D.— Bacillus alvei: Stained preparation showing spores and spore forma- 
tion. X 800. 

E.—Streptococcus apis: Stained preparation from a pure culture. X _ 800. 

F.— Bacillus alvei: The peculiar arrangement of the spores as sometimes 
seen. From a pure culture, the smear having been made by suspending the 
culture on the slide in normal salt solution. X 1000. 

G.— Bacillus orpheus: Stained preparation made from a pure culture only 
a few hours old. Grown on the surface of agar. X 1000. 

H.—Bacillus orpheus: Stained preparation showing spore formation. Note 
the stained portion along one side and about both ends of the spore. The 
stage is soon reached in a culture at incubator temperature. At room tempera- 
ture it remains in this stage for a considerable period. X 800. 

I.—Longisection of a young larva showing early infection in European 
foulbrood. The bacterial growth is seen as a narrow black area just within 
the peritrophic membrane on one side of the food mass. 

J.—Longisection of larva sick of European foulbrood, showing a later stage 
of infection than that present in IJ. The dark area in the food mass shows 
the bacterial growth. Note that the growth mass does not extend beyond 
the peritrophic membrane and that it does not extend uniformly along this 
membrane and throughout the food mass. 

IX.—Transverse section of larva about the time of its death from European 
foulbrood infection. Note the bacterial mass along the peritrophic mem- 
brane and extending from the membrane into the food mass. As seen within 
the living larva this bacterial mass in the sick larva is practically white, but is 
more or less yellowish white when present with larval food material. The 
gelatinous-like envelope outside the peritrophic membrane and inside the stom- 
ach epithelium in healthy larve thins out as the disease advances. 


PLATE VIII 


The stomach contents of larve sick of European foulbrood removed from 
the organ. The anterior end of the larva is shown. Fairly early stage 
of infection (a) showing the white bacterial mass broken into fragments 
as a result of the tension produced in removing the stomach contents from 
the organ. A somewhat later stage (b) in the course of the disease, show- 
ing the bacterial growth contained in the stomach fragmented, also the 
mucous or gelatinous envelope surrounding the petritrophic membrane. The 
stomach contents removed from a European foulbrood larva (¢c) about the 
time of its death. The bacterial growth at this time is surrounded by very 
little other than the peritrophic membrane. When this membrane is ruptured 
the contents flow out as a thin yellowish-white mass. 
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